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COMPONENT CARRIER HAVING A THREE
DIMENSIONALLY PRINTED WIRING
STRUCTURE

TECHNICAL FIELD

The invention relates to a component carrier having a
three dimensionally (3D) printed wiring structure. Further,

the 1nvention relates to a method of manufacturing a com-
ponent carrier having a three dimensional (3D) printed
wiring structure.

TECHNOLOGICAL BACKGROUND

Conventional component carriers comprise wiring struc-
tures which are formed by plating a wiring structure material
on a part of the component carrier and afterwards remove
parts of the wiring structure material which will not be used.
Important for the quality of the wiring structure and for the
connection of the materials 1s the material of the wiring
structure 1tself and the material onto which the wiring
structure 1s applied on. It 1s further important to provide a
high accuracy of the formed shape of the wiring structure.

With continuous demand for precise wiring structures and
other applicable component carrier materials and with
increasing complexity and increasing demand for easier and
simpler manufactured component carriers, there 1s still room
for improved component carriers and therefore improved
wiring structures.

SUMMARY

There may be a need to provide a component carrier
having a wiring structure which 1s easy producible and
simultaneously provides more flexibility 1n the arrangement
of the wiring structure and the electrical connections formed
by the wiring structure.

According to a first aspect of the invention there i1s
provided a component carrier, wherein the component car-
rier comprises a carrier body. The carrier body comprises a
plurality of electrically conductive layer structures and/or
clectrically mnsulating layer structures. The component car-
rier further comprises a wiring structure on and/or in the
layer structures and being at least partially formed as a
three-dimensionally printed structure.

According to another aspect of the invention, a method for
manufacturing a component carrier 1s provided. The method
comprises providing a carrier body comprising a plurality of
clectrically conductive layer structures and/or electrically
insulating layer structures and forming a wiring structure on
and/or 1 the layer structures at least partially by three-
dimensionally printing.

Overview of Embodiments

In the context of the present document, the term “com-
ponent carrier” may particularly denote any support struc-
ture which 1s capable of accommodating one or more
components thereon and/or therein for providing mechanical
support and/or electrical connectivity. In other words, a
component carrier may be configured as a mechanical and/or
clectronic carrier for components. In particular, a component
carrier may be one of a printed circuit board, an organic
interposer, and an IC (integrated circuit) substrate. A com-
ponent carrier may also be a hybrnid board combiming
different ones of the above mentioned types of component
carriers.
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In an embodiment, the component carrier comprises a
stack of at least one electrically isulating layer structure
and at least one electrically conductive layer structure. For
example, the component carrier may be a laminate of the
mentioned electrically insulating layer structure(s) and elec-
trically conductive layer structure(s), 1n particular formed by
applying mechanical pressure, if desired supported by ther-
mal energy. The mentioned stack may provide a plate-
shaped component carrier capable of providing a large
mounting surface for further components and being never-
theless very thin and compact. The term “layer structure”
may particularly denote a continuous layer, a patterned layer
or a plurality of non-consecutive 1slands within a common
plane. The component carrier comprises the carrier body
which 1s comprised of different layer structures, 1.e. the
clectrical insulating and electrical conductive layer struc-
tures. The different layer structures may be arranged, such
that the order of the electrical mmsulating layer structure and
the electrical conductive layer structure are alternating. For
example the carrier body may have layer structure starting
with the electrical conductive layer structure followed by an
clectrical insulating layer structure further followed by an
clectrical conductive layer structure such that the stack of
the component carrier 1s formed.

In the context of the present document, the term “wiring
structure” may particularly denote a single thin wire which
may be used for electrically connecting components of the
component carrier. The wiring structure may be used for
providing an electrical connection between components or
for transferring signals via the wiring structure from one end
of the wiring structure to the other end. Further, the wiring
structure may be used to electrically connect other electri-
cally conductive lines. The wiring structure may comprise
any geometry such as asymmetric, fractal or symmetric such
as a circular, 1n particular the wiring structure may comprise
an oval or a rectangular cross section.

In the context of the present document, the term “three
dimensionally printed structure” may particularly denote a
structure formed by means of a three dimensionally printing,
process. The three dimensional structures are formed under
computer control to create a 3D structure. During the three
dimensional printing procedure, the 3D printed structure
may be formed layer by layer. In particular, three dimen-
sionally printing denotes for example 3D printing with
powder matenials, 3D printing by meltable materials, 3D
printing by fluid matenials. Another process using a printing
material in powder form 1s selective laser sintering/melting,
(SLS/SLM). Furthermore, if the powder 1s delivered only
locally (e.g. with a nozzle) the printing method 1s called
LENS (Laser Engineered Net Shaping). A further process
using printing material i powder form is electron beam
melting (EBM, or also called electron beam additive manu-
facturing EBAM). 3D printing by meltable materials may
particularly denote fused filament fabrication (FFF) or fused
deposition modeling (FDM). Melted materials which will be
used for this process may be in particular plastics like ABS
or PLA. 3D printing by fluid materials may particularly
denote the manufacturing process which 1s working on the
basis of fluidic UV-sensitive plastics (photopolymer, also
other materials which are sensitive of other wavelength may
be used). In particular, the 3-D printing with fluid materials
may denote the so-called stereolithography (SLA). During
this process the 3-D structure 1s also formed layer by layer.
3D printing by transferring the material from a foil (e.g.
copper foil) via laser pulses, may denote the so-called laser
induced forward transter (LIFT) method. All mentioned
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process and/or methods may be used for 3D printing the
three dimensionally printed structure.

It 1s mentioned that the term “layer structures™ 1s used in
this document representative for the plurality of electrically
conductive layer structures and the electrically insulating
layer structures.

In an embodiment, the component carrier may comprise
a component mounted on and/or embedded 1n the carrier
body. The component may be an electrical component or
device for performing different functions depending on the
application into which the component carrier 1s attached.
The component may be mounted on and/or embedded 1n at
least one of the plurality of electrically insulating layer
structures and/or mounted on and/or embedded 1n at least
one of the plurality of electrically conductive layer struc-
tures.

In an embodiment, the wiring structure may be configured
to form an electronic and/or thermal connection with the
clectronic component. The wiring structure may be config-
ured to form an electronic connection with the above men-
tioned component. The electronic connection may be used
for transierring electrical signals from one end of the wiring
structure to the other end of the wiring structure. Further, the
component carrier comprises at least two components,
wherein the wiring structure 1s configured to form an elec-
tronical connection between the at least two components.
The wiring structure may also be used to form an electrical
connection between electrical connections from one single
component. For example, diflerent pins of a microcontroller
(or of a mtegrated circuit) may be connected by the wiring
structure. Further, the wiring structure may form an elec-
tronical circuit. The electronical circuit may be able to
perform simple and/or complex operation, like transierring,
signals, detecting signals, amplifying signals, performing
computation, transierring data from one place to another.
The electronical circuit may comprise of at least one com-
ponent, 1n particular of a plurality of electrical components
(resistors, transistors, capacitors, inductors, diodes) which
are connected to each other by the wiring structure. Forming
the circuit by means of the wiring structure which 1s formed
as a three dimensionally structure may have the advantage
that the manufacturing may be simplified. Further, the
flexibility 1n the design of an electronical circuit may be
increased. Particularly, structuring with different heights on
the same conductive layer may be achieved. The electronical
circuit may be an analog circuit, a digital circuit or a mixed
signal circuit. Furthermore, the wiring structure may be
configured to form a thermal connection with the electronic
component, such that either heat may be transierred by the
thermal connection or heat and electronical signals may be
transierred by the thermal and electrical connection.

In an embodiment, the wiring structure comprises at least
one protrusion for forming an electrical and/or thermal
contact. The protrusion protrudes from regions of the wiring
structure surrounding the protrusion. For example, the wir-
ing structure may be a line extending on at least one of the
layer structures and the protrusion 1s formed on at least one
side of the wiring structure and extends in a direction
perpendicular with respect to the extending direction of the
wiring structure. The wiring structure may comprise more
than one protrusion.

In an embodiment, the wiring structure 1s at least partially
surrounded by an encapsulation, wherein the protrusion
extends through the encapsulation for forming an electrical
contact. The encapsulation may cover the wiring structure
completely or the encapsulation may cover the wiring struc-
ture on at least one side of the wiring structure. For example,
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4

the wiring structure may be printed on/in a layer structure.
The surface of the wiring structure which 1s not in contact
with the layer structure may be covered by the encapsula-
tion. The encapsulation may be one of the layer structures
and/or the encapsulation may be made of a resin, dielectric
or plastic for nsulating the wiring structure from the sur-
rounding. The protrusion may extend through the encapsu-
lation such that the protrusion may not be isolated and may
be able to form an electrical contact to a further wiring
structure or to any other electrically conductive element (e.g.
a component).

In an embodiment, a cross section of the wiring structure
perpendicular to a current propagation direction may have,
for example and without any loss of generality in the
geometry, has a shape of at least one of the group comprising
ol a rectangular shape a fractal shape, a circular shape, an
oval shape, and a trapezoid shape. The cross section of the
wiring structure may be printed in a precise manner for
forming the desired rectangular shape with 1n particular 90°
vertical walls 1n order to overcome failures during a con-
ventional etching process of the wiring structures whereas
typical under the mask etch processes do not allow the
formation of 90° vertical walls. In fact, any degree 1n any
geometry may be allowed for the process. The current
propagation direction may be the direction in which the
current flows through the wiring structure. Hence, the cross
section of the wiring structure may extend in a plane
perpendicular to the layer structures, when the wiring struc-
ture extends along the layer structures. This means, when the
wiring structure extends in a plane parallel to the layer
structures the cross section extends 1n a plane perpendicular
to the layer structures (or vice versa).

According to a further exemplary embodiment, the cross
section ol the wiring structure perpendicular to a current
propagation direction may have an L-shape a U-shape or a
comb-shape. The comb shape of a wiring structure 1s defined
by a base of the wiring structure (e.g. arranged on or in the
layer structure) from which a plurality of spikes or rails (e.g.
extending in or perpendicular to the current propagation
direction) of the wiring structure extends, in particular along
the stacking direction of the layer structures. Hence, the
L-shape, U-shape or comb-shape of the wiring structure are
advantageous for transmitting signals having high frequen-
CIECs.

In an embodiment, the wiring structure 1s formed extend-
ing along a stacking direction of the plurality of layer
structures. As described above the layer structures of the
component carrier may be arranged as a stack such that the
different layer structures are arranged on top of each other,
1.€. layer over layer. Therefore, the term “stacking direction™
may particularly denote the direction along which the
stapled layers are stapled with respect to each other. The
stacking direction may be an extending direction through the
plurality of layer structures.

In an embodiment, the wiring structure 1s formed such
that the wiring structure extends perpendicular with respect
to a stacking direction of the plurality of layer structures.
The perpendicular extension with respect to the stacking
direction may be an extending direction along at least one of
the plurality of layer structures.

In an embodiment, the wiring structure may comprise
different cross sections, 1n particular in a stacking direction
of the plurality of layer structures and/or, perpendicular with
respect to a stacking direction of the plurality of layer
structures. The wiring structure may comprise diflerent cross
sections 1n a direction of a plane extending in parallel with
the plurality of layer structures and/or the wiring structure
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may comprise different cross sections in a direction of a
plane extendmg perpendicular to the layer structures. Hence,
the wiring structure may comprise different thicknesses in
the plane parallel and/or perpendicular to the plurality of
layer structures. With 3-D printing different thicknesses may
be realized 1n a simple manner.

In an embodiment, the wiring structure may be formed
from at least one material component of the group consisting
of copper, aluminum, steel, and titanium. Due to the use of
different materials different functions may be applied to the
wiring structure and to the formed electronic circuit. Dii-
ferent materials may be applied on/in at least one layer
structure such that different materials are 3-D printed on one
layer structure. It may also be possible to apply different
matenals to different layer structures. For example the
clectronically conductive layer structure 1s a copper layer
structure and the wiring structure which will be printed on/in
the copper layer structure 1s another metal material (e.g.
gold, steel, titanium). After 3-D printing the copper layer
structure may be etched and removed but not the 3-D printed
wiring structure on/in the copper layer structure. On the
other side the layer structure may be formed of a material,
different than copper, and the printed wiring structure may
be a copper matenal.

In an embodiment, the wiring structure may be formed on
opposing surfaces of at least one of the layer structures. In
particular, the wiring structure 1s formed on opposing sur-
faces of at least one electrically conductive layer structure
and/or 1s formed on opposing surfaces of at least one
clectrically insulating layer structure. According to this
embodiment, layer structures may be formed which com-
prise a structured surface, in particular which comprise a
structured surface on both sides of one layer structure.

In an embodiment, the wiring structure 1s directly printed
on at least one of the plurality of the layer structures. The
directly printing may particularly denote that no adhesive or
other layers are arranged between the wiring structure and
the layer of the carrier body on which the wiring structure 1s
printed. The wiring structure may be directly printed on at
least one of the electrically insulating layer structures for
forming an electrically conductive contact on and/or 1n an
clectrical insulating layer structure. Furthermore, the wiring
structure may be directly printed on/in an electrically con-
ductive layer structure for continuing the electrical conduc-
tivity of the layer structure by the wiring structure such that
an electrical contact for other parts and/or components may
be formed.

In an embodiment, at least one of the layer structures
comprises a recess, wherein the wiring structure 1s arranged
in the recess. The recess may be formed by drilling, milling
or etching. The recess may be adapted to the shape, 1n
particular the cross section, of the wiring structure. The
wiring structure may be directly formed in the recess by
three dimensionally printing. It may also be possible that the
at least one of the layer structure 1s manufactured 1n such a
manner that the recess 1s formed during the manufacturing
(e.g. by etching) such that the recess must not be formed by
drilling or milling.

In an embodiment, the component carrier further com-
prises a foil, i particular a conductive foil, formed on at
least one of the layer structures such that the conductive foil
covers the wiring structure. For example, the uppermost
and/or the lowest layer structure of the carrier body may be
the copper foil. When printing the wiring structure on a
conductive layer structure which 1s a copper foil two layer
structures may be formed using the same material. This may
have the advantage that the warpage of the copper may be
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6

avoided. Further, by 3-D printing the wiring structures on
the copper foil, a higher adhesion between the wiring
structure and the material onto which the wiring structure 1s
printed may be achieved. For example, the wiring structure
may be printed on the copper foil and afterwards the wiring
structure may be arranged 1n a layer structure comprising the
recess. Hence, the copper foil covers the wiring structure on
the upper side and the lower side of the wiring structure may
be arranged in the recess. The copper foil may be also
“bare”, which means without having a dielectric beneath.
This allows to cure the printed structure, e.g. by high
temperature or UV light, without risking to damage the
dielectric layer. After the curing 1s accomplished, the copper
fo1l with the 3D printed structures may be laminated
together with the dielectric and afterwards continue with
PCB-compatible process steps.

In an embodiment, the component may be selected from
a group consisting of an electronic component, an electri-
cally non-conductive and/or electrically conductive inlay
(such as a metal ilay, preferably comprising copper or
aluminum), a heat transfer unit ({for example a heat pipe), a
light gmiding element (for example an optical waveguide or
a light conductor connection), an energy harvesting unit, an
active electronic component, a passive electronic compo-
nent, an electronic chip, a storage device (for instance a
DRAM or another data memory), a filter, an integrated
circuit, a signal processing component, a power manage-
ment component, an optoelectronic interface element, a
voltage converter (for example a DC/DC converter or an
AC/DC converter), a cryptographic component, a transmit-
ter and/or receiver, an electromechanical transducer, a sen-
sor, an actuator, a microelectromechanical system (MEMS),
a mICroprocessor, a capacitor, a resistor, an inductance, an
accumulator, a switch, a camera, an antenna, a magnetic
clement, a further component carrier and a logic chip, and an
energy harvesting unit. Combinations thereof may also be
possible. However, other components may be embedded in
the component carrier. For example, a magnetic element can
be used as a component. Such a magnetic element may be
a permanent magnetic element (such as a ferromagnetic
clement, an antiferromagnetic element or a ferrimagnetic
clement, for instance a ferrite core) or may be a paramag-
netic element. However, the component may also be a
further component carrier, for example 1n a board-in-board
configuration. The component may be surface mounted on
the component carrier and/or may be embedded in an
interior thereol. Moreover, also other components, 1 par-
ticular those which generate and emit electromagnetic radia-
tion and/or are sensitive with regard to electromagnetic
radiation propagating from an environment, may be used as
component.

In an embodiment, the at least one electrically conductive
layer structure may comprise at least one of the group
consisting of copper, aluminum, nickel, silver, gold, palla-
dium, and tungsten. Although copper i1s usually preferred,
other materials or coated versions thereof are possible as
well, m particular coated with supra-conductive material
such as graphene.

In an embodiment, the at least one electrically msulating
layer structure comprises at least one of the group consisting
of resin, 1 particular reinforced or non-reinforced resin, for
instance epoxy resin or Bismaleimide-Triazine resin, FR-4,
FR-5, cyanate ester, polyphenylene derivate, glass (1n par-
ticular glass fibers, multi-layer glass, glass-like materials),
prepreg material, polyimide, polyamide, liquid crystal poly-
mer (LCP), epoxy-based Build-Up Film, polytetratluoroeth-
ylene (Teflon), a ceramic, and a metal oxide. Reinforcing
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materials such as webs, fibers or spheres, for example made
of glass (multilaver glass) may be used as well. Although
prepreg or FR4 are usually preferred, other materials may be
used as well. For high frequency applications, high-fre-
quency materials such as polytetrafluoroethylene, liquid
crystal polymer and/or cyanate ester resins may be imple-
mented in the component carrier as electrically insulating,
layer structure.

In an embodiment, the component carrier 1s shaped as a
plate. This contributes to the compact design, wherein the
component carrier nevertheless provides a large basis for
mounting components thereon. Furthermore, 1n particular a
naked die as example for an embedded electronic compo-
nent, can be conveniently embedded, thanks to its small
thickness, 1nto a thin plate such as a printed circuit board.

In an embodiment, the component carrier 1s configured as
one of the group consisting of a printed circuit board, and a
substrate (1n particular an IC substrate).

In the context of the present document, the term “printed
circuit board” (PCB) may particularly denote a component
carrier (which may be plate-shaped (1.e. planar), three-
dimensionally curved (for instance when manufactured
using 3D printing) or which may have any other shape)
which 1s formed by laminating several electrically conduc-
tive layer structures with several electrically insulating layer
structures, for instance by applying pressure, 1 desired
accompanied by the supply of thermal energy. As preferred
matenals for PCB technology, the electrically conductive
layer structures are made of copper, whereas the electrically
insulating layer structures may comprise resin and/or glass
fibers, so-called prepreg or FR4 maternial. The various elec-
trically conductive layer structures may be connected to one
another 1n a desired way by forming through-holes through
the laminate, for istance by laser drilling or mechanical
drilling, and by filling them with electrically conductive
material (in particular copper), thereby forming vias as
through-hole connections. These vias may be formed by
three dimensionally printing. Apart from one or more com-
ponents which may be embedded 1n a printed circuit board,
a printed circuit board 1s usually configured for accommo-
dating one or more components on one or both opposing
surfaces of the plate-shaped printed circuit board. They may
be connected to the respective main surface by soldering. A
dielectric part of a PCB may be composed of resin with
reinforcing fibers (such as glass fibers).

In the context of the present document, the term “sub-
strate” may particularly denote a small component carrier
having substantially the same size as a component (in
particular an electronic component) to be mounted thereon.
More specifically, a substrate can be understood as a carrier
for electrical connections or electrical networks as well as
component carrier comparable to a printed circuit board
(PCB), however with a considerably higher density of
laterally and/or vertically arranged connections. Lateral con-
nections are for example conductive paths, whereas vertical
connections may be for example drill holes. These lateral
and/or vertical connections are arranged within the substrate
and can be used to provide electrical and/or mechanical
connections of housed components or unhoused components
(such as bare dies), particularly of IC chips, with a printed
circuit board or itermediate printed circuit board. Thus, the
term “substrate” also includes “IC substrates™. A dielectric
part ol a substrate may be composed of resin with reinforc-
ing spheres (such as glass spheres).

In an embodiment the component carrier may be config-
ured as a laminate-type component carrier. In such an
embodiment, the component carrier 1s a compound of mul-
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tiple layer structures which are stacked and connected
together by applying a pressing force, 11 desired accompa-
nied by heat.

In the following exemplary embodiments of the method
will be described.

According to a further exemplary embodiment of the
method, the three-dimensionally printing may comprise the
steps of applying a printing material to an application
device, melting the printing material i the application
device, and applying the melted printing material on and/or
in the layer structures for forming at least one layer of the
wiring structure (which 1s comprised of the melted (wiring
structure) material). According to this embodiment for the
manufacturing of the 3-D printed wiring structure meltable
materials may be used. The material may be applied to a 3-D
printer comprising a printhead functioning as the application
device. The printhead may be a heatable extruder into which
the material 1s supplied. Inside the extruder the matenal 1s
melted, such that the maternial can be transierred through the
extruder (e.g. an extruder nozzle) to a structure onto which
the melted material 1s to be applied, e.g. at least one of the
layer structures. The application device and the carrier body
can be moved with respect to each other. After consolidating
(e.g. soliditying curing) the applied layer of the wiring
structure, subsequently a further layer of the wiring structure
may be formed. The number of the formed layers of the
wiring structure depends on the size, 1n particular the height,
of the wiring structure. For example, a formed layer may
have a thickness of 50 um. The wiring structure may have a
thickness of 200 um. Hence, four layers may be formed on
top of each other. For example, the application device may
have a high resolution such that single layers of a thickness
of approx. 1 um to 16 um may formed. During the manu-
facturing process more than one application devices may be
used for applying different materials or for simultaneously
manufacturing more than one wiring structure. According to
this embodiment, it may be possible to form simultaneously
more than one wiring structures on a common layer struc-
ture. Further, two wiring structures may be formed on/in two
different layer structures (which means one wiring structure
may be formed on/in the electrically conductive layer struc-
ture and the other wiring structure may be formed on/in the
clectrically insulating layer structure) before the component
carrier 1s formed, 1n particular before the laminating of the
different layer structures. The used meltable material may be
made of an electrically conductive material, e.g. copper, or
it may be enriched with electrically conductive material
components.

According to a further exemplary embodiment of the
method, the three-dimensionally printing may comprise the
following steps: applying a printing material, 1n particular a
powder material on and/or 1n the carrier body, and consoli-
dating (e.g. solidifying) the applied printing material for
forming at least one layer of the wiring structure. The term
“consolidating” may particularly denote any step or activity
for bringing the layer of printed material in a solid state,
wherein the solid state 1s the state of at least one layer
structure made of the printing material. For example con-
solidating may comprise at least one of the following:
adhering, gluing, curing, tempering, solidifying, melting and
hardening, or hardening the printing material for forming at
least one layer of the wiring structure. The forming of the at
least one layer of the wiring structure may be performed by
applying an adhesive to the at least one layer of the wiring
structure. The adhesive adheres the single particles of the
powder material together such that a respective layer 1s
formed. The adhesive may be applied by a printhead to the
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powder layer. The adhesive (binder) may be a fluidic adhe-
sive. During the 3-D printing with powder, the first (lower-
most) layer 1s applied with the fluidic adhesive on the
powder layer by the printhead. The 3-D printer prints the
3-D picture of the first layer on the powder bed and adheres
the matenal particles together. After that, a further and thin
powder layer 1s applied on the first layer and the procedure
1s repeated with a second layer. Thus, a 3-D model of the
wiring structure 1s created by adhering layer to layer 1mn a
powder bed. The 3-D structure 1s growing from the bottom.
Therefore, the powder bed 1s lowered about the height of a
powder layer. Powder and adhesive may be comprised of
different materials. For example, plastic powder, a ceramic
powder, glass powder or other metal pulverulent materials
may be used. It may also be possible to use metal as a
powder material, for example copper powder for 3D printing
wiring structures. The 3-D printer may be equipped with at
least one print head, but more print heads may also be used.
The used adhesive may be a conductive adhesive, such that
the layer structures are formed by conductive metal powder
and conductive adhesive for being electrically conductive.
The adhesive may be cured by the use of the thermal
treatment device, such as a heat lamp or a laser.

According to a further exemplary embodiment of the
method, the wiring structure may be formed by at least one
of the group consisting of selective laser melting, selective
laser sintering, and electron beam melting.

According to a further exemplary embodiment, before
consolidating (e.g. solidifying) the printing material the
printing material 1s melted by a thermal treatment device, in
particular a laser device. Instead of using an adhesive, the
single layers are melted by means of a thermal treatment
device, such as a laser, which 1s called selective laser
sintering (SLS) or selective laser melting (SLM). Hence,
metals, ceramics and sand may be used for SLS, SLM, or
LENS. When the SLS, SLM, or method 1s used for manu-
facturing, the forming of the layer of the powder matenal 1s
performed by means of a laser, wherein the laser melts or
sinters the powder material for forming at least one layer of
the wiring structure. When using SLM, SLM, or LENS
manufacturing methods an adhesive for attaching the pow-
der material may be obsolete.

Further, the powder may be melted by the use of a
controllable electron beam, which will be called electron
beam melting (EBM). This manufacturing process may
allow to use materials comprising a higher melting point e.g.
for melting also titanium matenals.

According to a further exemplary embodiment of the
method, the printing material may be applied by means of a
material delivery nozzle. The printing matenal, e.g. the
powder, 1s provided to the material delivery nozzle, such that
the applied printing material may be spread out of the
material delivery nozzle. A precise printing material amount
may be delivered by the material delivery nozzle, such that
only the wiring structure to be printed has to be covered with
printing material instead of the whole component carrier or
the whole layer structure.

According to a further exemplary embodiment, the
method may further comprise moving the matenal delivery
nozzle for forming a further layer of the wiring structure.
The term “moving” may particularly denote a movement
along at least one spatial direction for adjusting the material
delivery nozzle with respect to the carrier body. For
example, a distance between the carrier body and the mate-
rial delivery nozzle may be adjusted. Furthermore, the
material delivery nozzle may be moved along further spatial
direction 1n order to adjust a desired alignment between the
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carrier body and the matenial delivery nozzle. Depending on
the movement of the material delivery nozzle, the thickness
and location of the layer to be formed 1s adjusted. This step
may be repeated until the final thickness of the wiring
structure 1s receirved such that the wiring structure 1s formed
by spreading printing material layer by layer. The material
delivery nozzle may be a nozzle used for LENS method,
wherein the material 1s only locally delivered by the material
delivery nozzle, 1.e. on predetermined positions on the
carrier body.

According to a further exemplary embodiment, before the
printing material 1s applied on and/or 1n the carrier body the
carrier body 1s provided into a material bed consisting of the
printing material. The carrier body may be placed into the
maternial bed. The component carrier may be completely
covered by the printing material arranged 1nside the material
bed. The carrier body may be adjusted in the material bed
such that a surface of the carrier body, onto which the wiring
structure should be formed, 1s arranged with a defined
distance to a surface of the material bed. Hence, between the
environment and the surface of the carrier body, a desired
thickness of printing material 1s arranged. Next, by a treat-
ment device as described below, which may be a thermal
treatment device for applying thermal energy to the surface
of the material bed or for radiating a predefined wavelength
of light for photopolymerization to the surface of the mate-
rial bed, consolidates (e.g. solidifies) the applied printing
material between the surface of the material bed and the
carrier body.

According to a further exemplary embodiment, the
method may further comprise moving the carrier body for
forming a further layer of the wiring structure. After the
printing of a layer of the wiring structure on/in the carrier
body may be moved. In particular, the carrier body 1s
lowered about the thickness of the next layer of the wiring
structure which should be printed.

According to a further exemplary embodiment of the
method, the three-dimensionally printing may comprise
arranging the carrier body in a container. After the arranging
of the carrier body the fluid maternial 1s consolidated (e.g.
solidified) by a treatment device, 1n particular a laser device,
on and/or in the layer structures for forming at least one
layer of the wiring structure. An ultraviolet laser may be
used which 1s focused onto the container comprising the
fluid matenial. The laser 1s used to consolidate (e.g. solidity)
desired regions of the fluid material for forming the defined
design of the wiring structure. The fluid material may be
consolidated, in particular solidified and/or cured, and forms
a single layer of the desired wiring structure. These steps can
be repeated for each layer of the wiring structure. An
clevator platform may be used to move the carrier body or
the surface onto which the wiring structure 1s to be printed.
The elevator may be moved about a distance which 1s equal
to a thickness of a single layer of the structure into the
container. Next, a blade may sweep over the consolidated
(e.g. solidified) layer for providing a homogeneous distri-
bution of the fluid material. Next, the laser consolidates (e.g.
solidifies) further desired regions of the fluid matenal for
forming the defined design of the wiring structure. The steps
are repeated until the desired 3-D structure, 1.e. the wiring
structure, 1s achueved. After forming of the complete wiring
structure the component carrier maybe further cured in an
ultraviolet oven. This process may also be used with mixed
materials such as ceramic and photopolymer mixtures. Dur-
ing this process also more than one laser may be used.

According to a further exemplary embodiment, the fluid
material 1s a photosensitive material, 1n particular the tluid
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material may be photosensitive under the ultraviolet light of
the laser. A further process using fluidic materials may be the
multi-jet modelling, poly jet method. In this process of
fluidic light-sensitive plastic 1s applied onto a platform by a
printhead and 1s immediately cured by a light source (e.g. a
laser or an UV lamp) integrated in the printhead.

According to a {further exemplary embodiment, the
method may further comprise a forming of an electronic
circuit by the wiring structure on and/or in the layer struc-
tures. According to this embodiment, the 3-D printer may
not only print the wiring structure but also the complete
clectronic circuit. The electronic circuit 1s built layer by
layer using the respective 3-D printing method as described
above for the wiring structures.

According to a further exemplary embodiment, forming
the wiring structure may further comprise forming the
wiring structure extending perpendicular with respect to a
stacking direction of the plurality of layer structures. In other
words the wiring structure may be formed along a plane
extending in a direction parallel to the layer structures. The
wiring structure may be formed on a surface of one of the
plurality of layer structures. The wiring structure may also
be formed on opposing surface of one of the plurality of
layer structures. Further, the wiring structure may also be
formed on surfaces of each of the plurality of layer struc-
tures. The wiring structure may extend between the plurality
of layer structures. The wiring structure may extend along a
direction of a plane parallel to the layer structure on at least
one of the layer structures and/or also 1 (embedded) at least
one of the layer structures.

According to a further exemplary embodiment, forming
the wiring structure further comprises forming the wiring
structures along a stacking direction of the plurality of layer
structures. In other words, the wiring structure may be
tormed along a plane extending 1n a direction perpendicular
to the layer structures. In contrast to the wiring structures
extending 1n a direction parallel to the layer structures the
wiring structure which extends along a plane extending 1n a
direction perpendicular to the layer structures 1s extending
through at least one of the plurality of layer structures.
Further, the wire structure may extend through more than
one of the plurality of layer structures.

According to a further exemplary embodiment, the
method may further comprise forming a further wiring
structure on and/or 1n the layer structures at least partially by
three dimensionally printing. The further wiring structure
may be formed on/in the same layer structure as the (first)
wiring structure. The further wiring structure may be formed
on/in a different layer structure than the (first) wiring struc-
ture. The wiring structure and the further wiring structure
may be formed on opposing sides of at least one of the
plurality of layer structures.

According to a further exemplary embodiment, the further
wiring structure 1s formed extending perpendicular with
respect to a stacking direction of the plurality of the layer
structures. Hence, the further wiring structure and the first
wiring structure may cross each other. In particular, the
wiring structure and the further wiring structure may be
clectrically connected with each other. According a further
exemplary embodiment, the method may further comprise
forming at least a connecting wiring structure by three
dimensionally printing for at least partially connecting the
wiring structure and the further wiring structure.

According to a further exemplary embodiment, the wiring
structure and the further wining structure are arranged
spaced apart from each other. The wiring structure and the
turther wiring structure may cross each other for forming a
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wiring path from a layer structure to another layer structure,
wherein these layer structures are connected (for example
clectrically connected) by the wiring structure and the
further wiring structure. In this embodiment, the connecting
wiring structure may be the wiring structure located between
the wiring structure and the further wiring structure and
forming a connection of the wiring structure and the further
wiring structure. Hence, a connection through a layer struc-
ture may be formed.

According to a further exemplary embodiment, the
method may further comprise three dimensionally printing
the wiring structure directly on and/or 1n at least one of the
layer structures.

According to a further exemplary embodiment, the
method may further comprise removing the respective layer
structure at least partially by an etching process for forming,
a structured layer structure. When the wiring structure 1s
printed directly on an electrically conductive layer structure
this electrically conductive layer structure may be removed
by the etching process. In particular, parts of the respective
layer structure may be removed which are not covered by the
wiring structure or which are not in contact with the wiring,
structure such that no undesired electrically conductive parts
or lines remain. By printing the wiring structures on the
respective layer structures, the standard plating (galvanic)
process may be obsolete. Further, the etching chemical used
for the etching process may be chosen 1n such a manner that
only the desired material, e.g. the material from the respec-
tive layer structure and not the wiring structure, may be
removed. By using this method, an embedded trace substrate
may be formed by three dimensionally printing. Therefore,
a copper foil may be 3D printed, on which a dielectric may
also be 3D printed, wherein the embedded trace substrate
may be 3D printed in the dielectric (wherein before printing,
the embedded trace substrate 1n the dielectric respective
cavities may be formed for receiving the embedded trace
substrate(s)). On top of the embedded trace substrate a
turther copper foil may also be 3D printed such that the
embedded trace substrate 1s embedded 1n the dielectric and
between the copper foils. According to this embodiment 1t
may also be possible that only the respective copper foils are
3D printed and the formation of the embedded trace sub-
strate may be formed by an galvanic plating and etching
process, or vice versa.

According to a further exemplary embodiment, the mate-
rial of the wiring structure and the matenal of the at least one
layer structure to which the wiring structure 1s directly
printed differ from each other. For example the wiring
structure may be made of copper and the at least one layer
structure may be made of another electrically conductive
metal or the at least one layer structure may be made of an
insulating material like plastic. When using different mate-
rials for the at least further layer structure the etching
chemical may be chosen 1n such a manner that only the
material of the at least one layer structure 1s removed and the
copper wiring structure remains.

According to a {further exemplary embodiment, the
method may further comprise forming a wiring structure by
three dimensionally printing on a foil, in particular a con-
ductive foil, and subsequently attaching the foil to at least
one of the layer structures. The wiring structure 1s firstly
printed to the foil and afterwards arranged on/in the layer
structures together with the foil. The foil may be attached to
at least one of the layer structures in such a manner that the
wiring structure on the foil 1s 1n contact with the at least one
of the layer structures. It may also be possible that the foil
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1s attached 1n such manner that the foil 1s arranged between
the wiring structure and the at least one of the layer

structures.

According to a {further exemplary embodiment, the
method may further comprise attaching the wiring structure
to a recess formed 1n at least one of the layer structures such
that the foil covers the wiring structure. When the foi1l covers
the wiring structure, the wiring structure may be formed on
the at least one of the layer structures such that the wiring
structure 1s arranged between the foil and the at least one of
the layer structure. The recess may be formed by drilling,
milling or etching after the forming of the at least one of the
layer structures.

According to a further exemplary embodiment, the
method may further comprise enclosing the wiring structure
with resin. Further, the method may further comprise enclos-
ing at least one of the wiring structure, the further wiring
structure and the connecting wiring structure with resin. In
particular, the enclosing with resin may be carried out by
means of three dimensionally printing. According to a
turther exemplary embodiment, the method may further
comprise enclosing the carrier body on at least one side of
the carrier body with a further layer structure comprising at
least one material component of the group consisting of
aluminum, copper, steel, titamium. The enclosing of the
carrier body may form a shell or a hull of the carrier body,
such that the carrier body may be protected from the
surrounding by mechanical stress or 1t may function as an
clectromagnetic shielding.

It has to be noted that embodiments of the invention have
been described with reference to diflerent subject matters. In
particular, some embodiments have been described with
reference to apparatus type claims whereas other embodi-
ments have been described with reference to method type
claims. However, a person skilled 1n the art will gather from
the above and the following description that, unless other
notified, 1n addition to any combination of features belong-
ing to one type of subject matter also any combination
between features relating to different subject matters, in
particular between features of the apparatus type claims and
features of the method type claims 1s considered as to be
disclosed with this document.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects defined above and further aspects of the
present 1nvention are apparent Irom the examples of
embodiment to be described hereinaiter and are explained
with reference to the examples of embodiment. The inven-
tion will be described in more detail hereinafter with refer-
ence to examples of embodiment but to which the mnvention
1s not limated.

FIG. 1 shows a component carrier according to an exem-
plary embodiment of the mmvention.

FIG. 2 shows at least one wiring structure according to an
exemplary embodiment of the invention.

FIG. 3 shows another at least one wiring structure accord-
ing to an exemplary embodiment of the invention.

FIG. 4 shows a step of a forming of a component carrier
according to an exemplary embodiment of the invention.

FIG. 5 shows a further step of reforming of a component
carrier according to an exemplary embodiment of the inven-
tion.

FIG. 6 shows a component carrier according to an exem-
plary body meant of the invention.

FI1G. 7 shows a further component carrier according to an
exemplary embodiment of the mmvention.
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FIG. 8A, FIG. 8B and FIG. 8C show a manufacturing step
ol a component carrier according to an exemplary embodi-

ment of the ivention.

FIG. 9A and FIG. 9B show a further manufacturing step
ol a component carrier according to an exemplary embodi-
ment of the mvention.

FIG. 10A and FIG. 10B show another one atlect except of
a component carrier according to an exemplary embodiment
of the mvention.

FIG. 11 shows a method for manufacturing a component
carrier according to an exemplary embodiment of the inven-
tion.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

The 1llustrations in the drawings are schematically pre-
sented. It 1s noted that in different figures similar or 1dentical
clements are provided with the same reference signs.

FIG. 1 shows a component carrier 100, wherein the
component carrier 100 comprises a carrier body 101. The
carrier body 101 comprises a plurality of electrically con-
ductive layer structures 102 and/or a plurality of electrically
insulating layer structures 103. The component carrier 100
turther comprises a wiring structure 104 on and/or in the
layer structures 102, 103, wherein the wiring structure 104
1s at least partially formed as a three dimensionally printed
structure. In this embodiment, the carrier body comprises at
least two conductive layer structures 102 and at least two
insulating layer structures 103, wherein the conductive layer
structures 102 and the isulating layer structures 103 are
arranged 1n an alternating manner. On the top conductive
layer structure 102 wiring structures 104 are arranged.
Further, at least one further wiring structure 104 1s arranged
on the top conductive layer structure 102 1n such a manner
that the wiring structure 104 extends through the top con-
ductive layer structure 102 and further through the upper-
most 1nsulating layer structure 103, such that it 1s arranged
on a further conductive layer structure 102.

The component carrier 100 further comprises a compo-
nent 110 mounted on and/or embedded in the carrier body
101. In FIG. 1 the component 110 1s illustrated schemati-
cally with dashed lines and 1s arranged on the top conductive
layer structure 102. For example, the component 110
extends into the carrier body 101 (in particular extends
through the uppermost conductive layer structure 102). As
can be seen 1n FIG. 1, the component carrier 100 1s shaped
as a plate. In particular, the component carrier 100 1is
configured as a laminate tape component carrier 100 com-
prised of the plurality of layer structures 102, 103.

The wiring structure 104 at the lett of the carrier body 101
may form an electronic connection with the electronic
component 110.

In FIG. 1 1t 1s 1llustrated such that the wiring structure 104
has a rectangular shape. The wiring structure 104 may also
have varying cross sections. The wiring structure 104 which
extends into the carrnier body 101 1s formed on opposing
surfaces of at least one of the plurality of layer structures
102, 103, 1n particular the wiring structure 104 1s formed on
opposing surfaces of the uppermost conductive layer struc-
ture 102. The wiring structure 104 may comprise diflerent
cross section 1n a stacking direction of the plurality of layer
structures 102, 103 and/or perpendicular with respect to a
stacking direction (1.e. along a surface) of the plurality of the
layer structures 102, 103.

Further, the wiring structure 104 comprises a protrusion
105 which may form an electrical contact. For example, the
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protrusion 1035 extends from a section of a wiring structure
104. The wiring structures 104 may be at least partially
surrounded by an encapsulation, wherein the protrusion 105
extends through the encapsulation for forming an electrical
contact. In FIG. 1, the one of the wiring structures 104
extends through two layer structures 102, 103.

FI1G. 2 shows a plurality of wiring structures 204, wherein
the plurality of wiring structures 204 are forming an elec-
tronical circuit. The wiring structures 204 are formed on a
respective layer structure forming a printing surface 205.

FIG. 3 shows the plurality of wiring structures 204 from
FIG. 2, wherein the wiring structures 204 are coupled to a
component 310. An encapsulant, such as resin, 1.e. a dielec-
tric, may enclose the wiring structures 204. The dielectric
may be applied onto the wiring structures 204 by casting or
injection molding.

FIG. 4 shows the step of manufacturing a component
carrier 100, wherein on top of a conductive layer structure
402 wiring structures 404 are formed by 3-D printing. At
least one of the plurality of the electronically conductive
layer structures 402 1s a copper layer (e.g. a copper fo1l). The
wiring structure 404 1s formed from at least one material of
the group consisting of copper, aluminum, steel, and tita-
nium.

FI1G. 5 shows a further step of manufacturing a component
carrier 100, wherein the step shown in FIG. 4 has already
been carried out. Above of the wiring structures 404 an
encapsulation or encapsulant 306 1s applied. The encapsu-
lation 506 may be resin which provides an electrical 1nsu-
lating structure 506 of the component carrier 100. The
copper foil 402 covers the wiring structure 404 at least
partially. The copper fo1l 402 may be structured by means of
an etching process, wherein defined sections of the copper
layer 402 are removed. Afterwards, further wiring structures
404 may be formed by 3-D printing on the etched copper
layer structure. Next, a further encapsulation with resin may
be provided. The steps may be repeated until the desired
component carrier 100 with the desired amount of electri-
cally conductive layer structures 402 and electrically 1nsu-
lating layer structures 506 1s received.

FIG. 6 shows a component carrier 100 according to an
exemplary embodiment of the invention. The component
carrier 100 comprises a carrier body 101 having a conduc-
tive layer structure 602 and an insulating layer structure 603.
In the insulating layer structure 603 wiring structures 604
havmg different sizes are formed. As can be seen 1n FIG. 6,
the wiring structures 604 extend in directions parallel and
perpendicular with respect to a stacking direction of the
layer structures 602, 603.

The shown component carrier 100 may be formed as
tollows. On the conductive layer 602, a first insulating layer
structure 603 may be formed, wherein forming the first
insulating layer structure 603 may be conducted by means of
3-D printing. In the next step, first wiring structures 604
(which i FIG. 6 are the top wiring structures 604 being
arranged 1n parallel with the conductive layer structure 602
and are arranged in the FIG. 6 below the conductive layer
structure 602) are formed on the insulating layer structure
603 by 3-D printing. Further, further wiring structures 604
which extend perpendicular to the layer structures 602, 603
are formed on the first wiring structures 604. Next, the
wiring structures 604 (1.e. the first wiring structures and the
wiring structures extending perpendicular to the layer struc-
tures 602, 603) are enclosed by an 1nsulating layer structure
603. The msulating layer structure 603 may be the same
layer structure onto which the first wiring structures 604 1s
tormed. The wiring structures 604 are partially covered by
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the insulating layer structure 603, because further wiring
structures 604 may be provided on top of the enclosing
insulating layer structure 603 and simultaneously on top of
the wiring structure 604 extending along a stacking direction
of the layer structures 602, 603. Hence, a connection (for
example an electrical connection) of the wiring structure 604
1s provided. Alternatively, a top layer of wiring structures
604 may be formed by an etching process. The etching
process may be conducted 1n a conventionally manner,
wherein a specific region of a layer of conductive material
or msulating material 1s removed by means of etching.

FIG. 7 shows the component carrier 100 according to
FIG. 6, which further comprises a top layer 707 made of
metal, like titanium, steel or aluminum. The further metal
layer 707 may be used for covering the component carrier
100 from the surrounding ambient.

FIG. 8A to 8C shows a method for manufacturing a
component carrier 100 according to an exemplary embodi-
ment of the invention. A conductive layer structure 802, such
as a copper foil, 1s provided. The copper foi1l may have
thickness 1n a range of 1 um (Micrometer) to 500 um. At
least one wiring structure 804 1s formed on the copper foil
by 3-D printing. The wiring structure 804 1s 3-D printed by
means of e.g. a powder material 809. The powder material
809 is applied on the conductive layer structure 802 and a
laser 808 1s used for melting or sintering the powder
material. The melted powder material 809 forms a first layer
of the wiring structure 804. Next, a further layer of powder
material 809 1s applied on the first layer of the wiring
structure 804 and the laser 808 again melts or sinters the
powder material for forming a further layer of the wiring
structure 804. The steps may be repeated until the desired
thickness of the wiring structure 804 1s obtained. Due to this
method, wirning structures 804 comprising different thick-
nesses can be provided on the copper foil 802. The wiring
structure may form copper tracks or copper pads on the
copper foil. The step of melting the powder material 809
may also be conducted using an electron beam.

FIGS. 9A and 9B show a method of manufacturing a
component carrier 100 according to a further exemplary
embodiment, wherein the wiring structures 804 are formed
on a copper foil 802 as described 1n FIGS. 8A, 8B, 8C. The
insulating layer structure 803 1s formed on the side of the
copper to1l 802 which 1s arranged opposed with respect to
the wiring structures 804. The insulating layer structure 803
may be a dielectric. A further copper foil 802 1s laminated to
the 1nsulating layer structure (1.e. dielectric) 803. After the
laminating, the copper fo1ls 802 on the opposing sides of the
insulating layer structure 803 undergo a photo structuring
and etching process. After the etching process, the desired
structures remain as shown 1n the lower portion of FIG. 9B.

FIGS. 10A and 10B show alternative steps of a method of
manufacturing a component carrier 100 compared to FIGS.
9A, 9B, wherein the wiring structures 804 are formed on a
copper foil 802 as described 1n FIGS. 8A, 8B, 8C. The
wiring structures 804 are enclosed with an msulating layer
structure 803 such that the wiring structures are completely
covered by the insulating layer structure 803. Further, a
turther copper foil 802 1s formed on the insulating layer
structure 803, wherein the further copper foil 802 1s arranged
at the side of the msulating layer structure 803 opposing the
copper foil 802 comprising the wiring structures 804. After
the step of laminating, the copper foils 802 on the opposing
side of the isulating layer structure 803 also undergo a
photo structuring and etching process for forming the
desired component carrier 100. The msulating layer struc-
ture 803 may be a dielectric. As can be taken from FIG. 10B,
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the wiring structure 804 which extends along a stacking
direction of the copper foils 802 and the insulating layer

structure 803 1s formed after the lamination. The wiring
structure 804 extending perpendicular to the layer structures
802, 803 may also be formed by means of 3-D printing. In
particular, for forming the wiring structure 804 (extending
perpendicular), a hole 1s drilled through the laminated layer
structures 802, 803. After the hole 1s drilled, the wiring
structure 804 1s formed by means of 3-D printing inside the
drilled hole. On the other hand, the 3D printing 1nside the
drilled hole may be changed to a hole filling process b
galvanic plating and/or hole filling PCB process depending
on the complexity of the manufacturing process of the
component carrier.

FIG. 11 shows a method for manufacturing a component
carrier 100 according to an exemplary embodiment of the
invention. A further component carrier 1200 1s provided,
wherein the further component carrier 1200 can be manu-
factured using one of the above described methods. The
turther component carrier 1200 (e.g. a printed circuit board)
comprises a component carrier 100, wherein the component
carrier 100 1s integratable to the further component carrier
1200. The component carrier 100 1s directly printed on/in the
turther component carrier 1200. The further component
carrier 1200 provides the surface on/in which the component
carrier 100 1s to be formed by means of 3-D printing. Hence,
both component carriers 100 and 1200 may be manufactured
by 3D printing, wherein the (smaller) component carrier 100
1s placed on/in the (larger) turther component carrier 1200.
An application device, like a printhead 1111 (which may also
be a material delivery nozzle) comprises the printing mate-
rial 1113. The printing material 1113 1s ejected by the
printhead 1111 for forming the component carrier 100 on/in
the further component carrier 1200. Hence, the component
carrier 100 1s printed on/in the further component carrier
1200 by using printing material 1113. A treatment device
1112, n particular laser device, radiates a laser beam for
treating the printing material 1113, e.g. for melting or
sintering, the printing matenal, e.g. powder material, for
forming a consolidated (e.g. solidified) three dimensionally
printed structure. It may also be possible, that the printhead
1111 functions as an extruder, such that melted printing
material 1113 1s ejected to a desired location.

It should be noted that the term “comprising” does not
exclude other elements or steps and “a” or “an” does not
exclude a plurality. Also elements described in association
with different embodiments may be combined.

LIST OF REFERENCE SIGNS

100 component carrier

101 carrier body

102 conductive layer structure
103 insulating layer structure
104 wiring structure

105 protrusion

110 component

205 printing surface

306 encapsulating

310 component

402 conductive layer structure
506 encapsulating

602 conductive layer structure
603 insulating layer structure
604 wiring structure

707 metal layer structure

802 conductive layer structure
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803 insulating layer structure
804 wiring structure

808 laser

809 powder matenal

1200 further component carrier

1111 printhead
1112 treatment device

1113 printing material

The mvention claimed 1s:

1. A component carrier, comprising;

a carrier body comprising a plurality of electrically con-
ductive layer structures and at least one electrically
insulating layer structure which layer structures are
stacked above each other 1n a stacking direction; and

a wiring structure being at least partially formed as a
three-dimensionally printed structure,

wherein one of the plurality of electrically conductive
layer structures comprises a conductive foil formed on
an external surface of the at least one electrically
insulating layer structure of the carrier body such that
the conductive foil covers the wiring structure;

wherein the wiring structure 1s formed on the conductive
foil

and extends from the conductive foil into the carrier body
such that the wiring structure 1s laterally enclosed by
the at least one electrically 1nsulating layer structure,

wherein the wiring structure has a varying height in the
stacking direction,

wherein the wiring structure comprises a powder materal.

2. The component carrier according to claim 1, further
comprising;

a component mounted on and/or embedded 1n the carrier

body.

3. The component carrier according to claim 2, wherein
the wiring structure 1s configured to form an electronic
and/or thermal connection with the electronic component.

4. The component carrier according to claim 2, wherein
the component 1s selected from a group consisting of an
clectronic component, an electrically non-conductive and/or
clectrically conductive inlay, a heat transfer unit, a light
guiding element, an energy harvesting unit, an active elec-
tronic component, a passive electronic component, an elec-
tronic chip, a storage device, a filter, an integrated circuit, a
signal processing component, a power management compo-
nent, an optoelectronic interface element, a voltage con-
verter, a cryptographic component, a transmitter and/or
receiver, an electromechanical transducer, an actuator, a
microelectromechanical system, a microprocessor, a capaci-
tor, a resistor, an inductance, an accumulator, a switch, a
camera, an antenna, a magnetic element, a further compo-
nent carrier and a logic chip.

5. The component carrier according to claim 1, wherein
the wiring structure comprises at least one protrusion for
forming an electrical and/or thermal contact, wherein the
protrusion extends through the at least one electrically
insulating layer structure to a second conductive foil for
forming an electrical contact.

6. The component carrier according to claim 1, compris-
ing at least one of the following features:

wherein a cross section of the wiring structure perpen-
dicular to a current propagation direction has a shape of
at least one of the group comprising a rectangular
shape, a fractal shape, a circular shape, an oval shape
and an trapezoid shape,

wherein the wiring structure formed extends along a
stacking direction of the plurality of layer structures,
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wherein the wiring structure extends perpendicular with
respect to a stacking direction of the plurality of layer
structures.
7. The component carrier according to claim 1, wherein a
cross section of the wiring structure perpendicular to a
current propagation direction has a shape of at least one of
an L-shape, a U-shape and a comb-shape.
8. The component carrier according to claim 1, compris-
ing at least one of the following features:
wherein the wiring structure comprises diflerent cross
sections 1n a stacking direction of the plurality of layer
structures and/or perpendicular with respect to a stack-
ing direction of the plurality of layer structures,

wherein the wiring structure 1s formed from at least one
material component of the group consisting of copper,
aluminum, steel, and titanium,

wherein the wiring structure 1s formed on opposing sur-

faces of at least one of the layer structures,

wherein the wiring structure 1s directly printed on at least

one of the plurality of the layer structures,

wherein at least one of the layer structures comprises a

recess,

wherein the wiring structure 1s arranged 1n the recess.

9. The component carrier according to claim 1, compris-
ing at least one of the following features:

the at least one electrically conductive layer structure

comprises at least one of the group consisting of
copper, aluminum, nickel, silver, gold, palladium, and
tungsten, any ol the mentioned materials being coated
with supra-conductive material such as graphene,

the at least one electrically insulating layer structure

comprises at least one of the group consisting of resin,

reinforced or non-reinforced resin, epoxy resin, Bisma-
leimide-Triazine resin, FR-4, FR-5, cyanate ester, poly-
phenylene denivate, glass, prepreg material, polyimide,
polyamide, liquid crystal polymer, epoxy-based Build-

Up Film, polytetratluoroethylene, a ceramic, and a

metal oxide,
the component carrier 1s shaped as a plate,
the component carrier 1s configured as one of the group

consisting of a printed circuit board, and a substrate,
arranged as a laminate-type component carrier.

10. A method of manufacturing a component carrier,
comprising;

providing a carrier body comprising a plurality of elec-

trically conductive layer structures and at least one
clectrically nsulating layer structure;

forming a wiring structure at least partially by three-

dimensionally printing; and

forming a conductive foil on at least one external surface

of the at least one electrically msulating layer structure
of the carrier body such that the conductive foil covers
the wiring structure;

wherein the wiring structure extends ifrom the conductive

fo1l mto the carrier body such that the wiring structure
1s enclosed by the at least one electrically insulating
layer structure and has a varying height in the stacking
direction,

wherein the wiring structure comprises a powder material.

11. The method according to claim 10, wherein the
three-dimensionally printing comprises:

applying a printing material to an application device,

melting the printing material 1n the application device,

applying the melted printing material 1 the layer struc-
tures for forming at least one layer of the wiring
structure,
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consolidating the applied printing material for forming at
least one layer of the wiring structure wherein the
wiring structure 1s formed by at least one of the group
consisting of selective laser melting, selective laser
sintering, and an electron beam,

wherein before consolidating the printing material the

printing material 1s melted by a thermal treatment
device,

wherein the printing material 1s applied by a material

delivery nozzle,

wherein the method further comprises moving the mate-

rial delivery nozzle for forming a further layer of the
wiring structure.

12. The method according to claim 11, wherein before the
printing material 1s applied in the carrier body, the carrier
body 1s moved into a material bed consisting of the printing
material.

13. The method according to claim 11, further compris-
ng:

moving the carrier body for forming a further layer of the

wiring structure.

14. The method according to claim 10, the method further
comprising;

arranging the carrier body 1n a container,
wherein the three-dimensionally printing further comprises:

providing a consolidatable tluid material in the container,

consolidating the flmid material by a treatment device 1n
the layer structures for forming at least one layer of the
wiring structure,

wherein the fluid material 1s a photosensitive material,

moving the carrier body for forming a further layer of the

wiring structure,

forming a further wiring structure on and/or in the layer
structures at least partially by three dimensionally
printing,

wherein the further wiring structure i1s formed extending
perpendicular with respect to a stacking direction of the
plurality of layer structures,

forming at least a connecting wiring structure for at least
partially connecting the wiring structure and the further
wiring structure by three dimensionally printing,

wherein the wiring structure and the further wiring struc-
ture are arranged spaced apart from each other.

15. The method according to claim 10, further compris-

ng:

three dimensionally printing the wiring structure directly
in at least one of the layer structures,

removing the respective layer structure at least partially
by an etching process for forming a structured layer
structure,

wherein the material of the wirning structure and the
material of the at least one electrically conductive layer
structure to which the wiring structure 1s directly
printed differ from each other,

forming a wiring structure by three dimensionally printing,
on a conductive foil, and subsequently

attaching the conductive foil to at least one of the layer
structures, and

attaching the wiring structure to a recess formed 1n at least
one of the layer structures such that the foil covers the
wiring structure.

16. The method according to claim 10, further comprising

at least one of the following features:

enclosing the wiring structure with resin, and

enclosing the carrier body on at least one side of the
carrier body with a further layer structure comprising at
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least one material component of the group consisting of
aluminum, copper, steel, and titanium.
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